Introduction
Hepatocellular carcinoma (HCC) is the fifth most common type of cancer in the world and is the third leading cause of cancer-related death. 1 Hepatitis B virus (HBV) infection is the major risk factor for HCC patients, especially in Asia-Pacific region. [2] [3] [4] Because of the high incidence of postoperative HCC recurrence, overall survival (OS) of HCC patients remains relatively low, despite surgery being a curative therapy. 5, 6 However, postoperative HBV reactivation (PHR) is one significant factor 7, 8 that contributes to HCC recurrence. Several trials [9] [10] [11] [12] and our previous study 13 found that PHR occurs after hepatectomy in HBV-related HCC (HBV-HCC) patients. Hepatitis B e antigen (HBeAg), preoperative HBV DNA level, liver cirrhosis degree, blood transfusion, operating time, and preoperative antiviral therapy are independent risk factors for PHR.
14 PHR occurs not only in HCC patients with high HBV DNA levels but also in HCC patients with low HBV DNA levels. [14] [15] [16] According to the guidelines from the Asian Pacific Association for the Study of the Liver, 17 antiviral submit your manuscript | www.dovepress.com
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Xie et al therapy was available for patients with detectable HBV DNA levels. However, there are no obvious suggestions about using antiviral therapies in patients with undetectable HBV DNA levels. Here, we aimed to evaluate the incidence of PHR in HBV-HCC patients with undetectable HBV DNA levels, thus finding out the difference of the short-term and long-term outcomes between patients with PHR and patients without PHR, with undetectable HBV DNA levels.
Patients and methods ethics statement
This study was approved by the Institutional Review Board of Guangxi Medical University and conducted in accordance with the Declaration of Helsinki and internationally accepted ethical guidelines. The patients enrolled in this study signed written consent during their admission for surgery for their information to be stored in hospital databases and used for research. During data collection, patient records were anonymized, as we previously mentioned in our former study. 13 
Patients
A total of 258 consecutive patients admitted to our hospital from 2011 to 2012 were retrospectively enrolled in our study. The inclusion criteria were as follows: 1) 18-75 years old; 2) HBV-infected HCC patients and first diagnosed in our hospital; 17 3) Child-Pugh stages A to B; 4) resectable HCC patients; 18 and 5) HCC confirmed by postoperative pathology.
Patients were divided into two groups based on their HBV DNA levels (Group A: patients with HBV DNA levels 500 copies/mL and Group B: patients with detectable HBV DNA levels). HCC was diagnosed based on the criteria of the European Association for the Study of the Liver. 19 
Preoperative management
A baseline assessment of HBV DNA; the presence of hepatitis B surface antigen, HBeAg, and against hepatitis B core antigen S1; serum levels of alanine aminotransferase (ALT), aspartate aminotransferase, total bilirubin (TBil), and albumin (ALB); prothrombin time (PT); levels of α-fetoprotein (AFP); and proportions of several T-lymphocyte subpopulations (CD3 +
CD4
+ and CD3
+ CD8 + ) were tested within 1 week before hepatectomy.
Serum levels of HBV DNA were quantified using the PCR-based Care HBV V2 Assay Kit (Qiagen NV, Venlo, the Netherlands) in which the lower limit of detection was 500 copies/mL (1 IU/mL =1 copy/mL). Entecavir (0.5 mg once a day; Tai-Tianqing Pharmaceutical Co., Jiangsu, People's Republic of China) antiviral therapy was given to patients who fit the criteria of given antiviral therapy at least 3 days before hepatectomy. 20 
surgical management
During hepatectomy, data on the surgical procedure, including tumor number, tumor diameter (the maximal tumor diameter), tumor rupture, complete capsule, surgical margin, tumor thrombus, hepatic inflow occlusion, operating time, blood loss, blood transfusion, and liver cirrhosis degree, were recorded.
Postoperative management
At the 1-month reexamination, the same blood tests and radiological examination as at baseline were repeated. Patients were monitored for PHR within postoperative 1 month. A tenfold increase in HBV DNA levels compared with preoperative levels as well as detectable level of HBV DNA postoperatively with undetectable level at baseline was defined as PHR.
14 Patients with PHR were given antiviral therapy once upon the detection of reactivation.
Outcomes and follow-up
The primary outcomes in our study were recurrence-free survival (RFS). We compared the difference of RFS between patients with HBV DNA levels 500 copies/mL and 500 copies/mL. Subgroup analysis of RFS was conducted based on the status of PHR. As secondary outcomes, we compared postoperative complications between two subgroups. These complications were evaluated using the Clavien-Dindo scoring system. 21 
statistical analysis
All data analyses were performed using SPSS 21.0 (IBM Corporation, Armonk, NY, USA) and with P0.05 defined as the threshold of statistical significance. Normally distributed data were expressed as mean ± SD, while asymmetrically distributed data were expressed as median (range). Differences in outcomes between two groups were assessed using independent samples t-tests for measurement data or χ 2 test for frequency of various attributes between groups. Factors significantly associated with PHR and HCC recurrence were identified first by univariate logistic regression, and then the significant univariate factors were examined by multivariate analysis using a stepwise logistic model. RFS curves were analyzed using the Kaplan-Meier method in which differences between curves were assessed using the log-rank test.
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Phr in hcc patients with undetectable hBV Dna levels comprehensive MeDline review
The following medical subject headings were comprehensively searched in the MEDLINE database: "hepatocellular carcinoma" or "primary liver carcinoma" or "primary liver cancer" or "liver cancer" or "liver tumor" and "hepatectomy" or "liver surgery" or "liver resection" or "hepatic resection" and "hepatitis B virus" and "reactivation". Based on the following criteria, relevant references and review articles were manually searched: 1) evaluated PHR in HBV-HCC patients, 2) were published in English, and 3) outcomes were about survival outcomes, PHR rate, and HCC recurrence. We selected only the study with the largest number of participants when several studies were based on the same population.
Results
characteristics of the study population
From January 2011 to 2012, 1,004 potentially eligible HCC patients were admitted to our hospital for hepatic resection.
A total of 258 HCC patients satisfying the inclusion and exclusion criteria were enrolled. Of the 258 HCC patients, 159 patients with HBV DNA levels 500 copies/mL were defined as Group A and the remaining 99 patients with detectable HBV DNA levels were defined as Group B. Baseline characteristics were similar between the two groups ( Table 2) . Thus, HBV DNA levels 500 copies/mL and without preoperative antiviral therapy remained independent risk factors for PHR.
rFs RFS (23.06±2.46 months) was significantly lower in patients with PHR than in patients without PHR (29.30±1.27 months, P=0.014) (Figure 1 ). One-year, 2-year, and 3-year RFS rates for patients with PHR were 75.8%, 38.1%, and 28.9%, respectively, and those for patients without PHR were 84.5%, 56.5%, and 40.7%, respectively.
We conducted univariate and multivariate analyses and found the following significant risk factors for RFS: PHR (HR =1.48, 95% CI 1.228-2.023, P=0.047), HBeAg positivity (HR =4.84, 95% CI 2.617-8.941, P0.001), Table 3) . Subgroup analysis of RFS depending on antiviral therapy was also conducted. We found that patients with and without antiviral therapy had similar RFS (28.13 months and 27.82 months, respectively, P=0.996).
Postoperative complications and recurrence
Postoperative Clavein-Dindo stage score and hospital stay were similar between patients with HBV DNA levels 500 copies/mL and patients with detectable HBV DNA levels (P=0.436 and P=0.934).
Then, we compared the postoperative complications between patients with PHR and patients without PHR and found that patients with PHR had a significantly higher morbidity rate (P=0.048) and a higher Clavein-Dindo stage score (P=0.038) (Table S1) .
We 
Perioperative changes
Both biochemical (PT, TBil, ALB, ALT, and AFP) and immune (CD3 + CD4 + and CD3 + CD8 + ) outcomes were compared between patients with PHR and patients without PHR (Table S3) . We found that patients with PHR had significantly lower ALB levels not only preoperatively (P=0.001) but also postoperatively (P=0.032). However, levels of PT, TBil, ALT, and AFP were similar between the two groups. 
literature review
A total of eight studies were enrolled in our review. [9] [10] [11] [12] 14, 16, 22, 23 We analyzed the PHR, recurrence, RFS, and associated risk factors. Most patients were from Southeast Asia, which has the highest prevalence of HCC (Tables S4 and S5) . 
Discussion
Many studies [9] [10] [11] 14, 16, 22 and our previous study 13 figured out that PHR occurred after hepatectomy. However, the mechanism of PHR is not clear. We previously inferred that PHR may be associated with the immunosuppression induced by hepatectomy. Also, some other studies claimed that increased apoptosis of CD4 + /CD8 + T-cells and the immunosuppression associated with surgical injury. 24, 25 It is commonly believed that PHR remains the independent risk factor for HCC recurrence and RFS. 14, 23 Moreover, studies found that preoperative antiviral therapy could efficiently decrease the PHR rate and reduce the HCC recurrence, thus prolonging the RFS. 14, 16 In our study, PHR rates are 3.0% and 21.8% in patients with and without antiviral therapy, respectively. The results were similar to those of our previous prospective study 13 (total PHR rate, 19.3%; PHR rate in patients with antiviral therapy, 2.2%; PHR rate in patients without antiviral therapy, 27.8%). In our literature review, total PHR rate varied from 6.1% to 40.7% and PHR rate varied from 0.0% to 4.7% in patients with antiviral therapy. [9] [10] [11] [12] 14, 16, 22, 23 For patients with antiviral therapy, PHR rate was significantly decreased. Studies claimed that antiviral therapy predicted good longterm survival. 26, 27 Other studies figured that antiviral therapy had no significant influence on HCC recurrence and OS.
28-30
Hepatocarcinogenesis may be initiated by continuous HBV replication.
31-33 Antiviral therapy may reduce HCC recurrence and prolong survival by suppressing and reducing continuous viremia and long-term hepatic inflammation. In our study, antiviral therapy remained the significant risk factor for PHR. However, antiviral therapy was not the independent risk factor for RFS and HCC recurrence. Also, we previously found that antiviral therapy failed to prolong short-term survival. 34 PHR rate was lower in our study than that in the study conducted by Huang et al 14 (16.7%) . It is mainly because the HBV DNA lower limit is different. Our lower limit was 500 copies/mL (1 IU/mL =1 copy/mL according to the instruction of the kit), whereas their lower limit was 200 IU/mL (800 copies/mL, 1 IU/mL =4 copies/mL according to Chinese guidelines 20 ). In our result, HBV DNA load is still regarded as a risk factor, and a high HBV DNA load has been reported to be associated with an increased incidence of PHR. 14, 35 In our literature review, antiviral therapy was found to be a protective factor. 9, 11, 12, 14 Due to the high incidence of HCC recurrence, OS of HCC patients still stays unsatisfied. 36 In our study, patients with PHR suffered worse RFS (RFS: 23 months and 29 months for patients with and without PHR, respectively, and 1-year, 2-year, and 3-year RFS rates were 75.8%, 38.1%, and 28.9% and 84.5%, 56.5%, and 40.7% for patients with and without PHR, respectively). As described by Huang et al, 14 PHR still remained the prognostic factor for RFS in multivariate regression analysis. Postoperative continuous HBV replication may constantly accelerate liver cirrhosis and give rise to HCC recurrence so as to decrease the RFS. 37, 38 Continuously, viremia may do harm to our immune system and cause multicentric carcinogenesis. 39, 40 Moreover, this replication may enhance tumor development and spread through the upregulation of adhesion molecules. 39 We found that HBeAg positivity was the independent risk factor for HCC recurrence and OS. Many studies claimed that HBeAg-positive patients have a higher risk of PHR and are associated with HCC recurrence.
14,23 Also, a change from HBeAg-negative to HBeAg-positive status still related to PHR. 41, 42 The immune system has been broken down in HCC patients, especially in postoperative HCC patients. Resection induces immunosuppression and permits enhanced viral replication. Therefore, patients in the immune clearance phase, especially HBeAg-positive patients, were at risk for reactivation of viral replication after surgery.
Several limitations could be found in this study. First, our retrospective design of the study was the biggest limitation. However, the baseline characteristics were similar between the two groups. This may decrease the selection bias to some extent. Second, we did not have long follow-ups, and we took only RFS into consideration. Ideally, we would continue to follow up on these patients for decades. In future, a better designed trial with a large sample and a long follow-up need to be further established.
Conclusion
PHR indeed occurs after hepatectomy in HBV-HCC patients. Antiviral therapy could efficiently decrease the incidence of PHR. Patients with PHR are associated with HCC recurrence and a worse RFS. Patients with HBV DNA levels 500 copies/mL still have the risk of PHR.
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